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METHOD AND APPARATUS FOR DISPLAYING ALTERNANS DATA 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to displaying cardiological data, and more 
specifically to methods and apparatus for displaying alternans data of an electrocardiogram 
("ECG") signal. 

[0002] Alternans are subtle beat-to-beat changes in the repeating pattern of an ECG 
signal. Several studies have demonstrated a high correlation between an individual's 
susceptibility to ventricular arrhythmias and sudden cardiac death and the presence of a T- 
wave alternans ("TWA") pattern of variation in the individual's ECG signal. 

[0003] While an ECG signal typically has an amplitude measured in millivolts, an 
alternans pattern of variation with an amplitude on the order of a microvolt may be clinically 
significant. Accordingly, an alternans pattern of variation is typically difficult and time 
consuming to detect by visual inspection of the ECG signal. Instead, electronic detection and 
quantification of the alternans pattern of variation is necessary. Such electronic detection and 
quantification of the alternans pattern of variation is complicated by the presence of noise in 
the ECG signal. Noise may result in beat-to-beat variations that have a larger magnitude than 
the alternans pattern of variation. 

[0004] Current techniques used to quantify patterns of variation in alternans data 
compensate for at least some of the noise in the ECG signal. However, artifacts resulting 
from a patient's movement (e.g., pedaling, footfalls, and the like) and/or respiration during 
exercise or Holter testing may nevertheless interfere with a clinician's assessment of the 
patterns of variation in the alternans data. These artifacts often overlay the patterns of 
variation in the alternans data. 

BRIEF DESCRIPTION OF THE INVENTION 

[0005] In light of the above, a need exists for an improved method of displaying alternans 
data so that a clinician can observe patterns of variation and/or trends in the alternans data 
and assess the quality of the alternans data. 
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[0006] Accordingly, one embodiment of the invention provides a method of displaying 
alternans data of an electrocardiogram signal, the electrocardiogram signal having odd beats 
and even beats. The method can include calculating an odd median complex for the odd 
beats, the odd median complex having odd data points; calculating an even median complex 
for the even beats, the even median complex having even data points; comparing the odd data 
points with the even data points to generate difference data points; assigning each one of the 
difference data points a color corresponding to an amplitude; displaying the difference data 
points as a difference curve; and displaying two or more difference curves in a temporal 
alignment. In some embodiments, the difference data points can be assigned a shade of gray 
or a true color. The difference curves can be displayed as a three-dimensional representation 
in some embodiments, and as a two-dimensional representation in other embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a block diagram illustrating a patient monitoring system embodying the 
invention. 

[0008] FIG. 2 is an example of a three-dimensional representation of a first set of 
alternans data from an ECG signal generated by the patient monitoring system of FIG. 1. 

[0009] FIG. 3 is an example of a two-dimensional representation of the alternans data of 
FIG. 2. 

[0010] FIG. 4 is an example of a three-dimensional representation of a second set of 
alternans data from an ECG signal generated by the patient monitoring system of FIG. 1. 

[0011] FIG. 5 is an example of a two-dimensional representation of the second set of 
alternans data of FIG. 4. 

[0012] FIG. 6 is an example of a three-dimensional representation of a third set of 
alternans data from an ECG signal generated by the patient monitoring system of FIG. 1. 

[0013] FIG. 7 is an example of a two-dimensional representation of the third set of 
alternans data of FIG. 6. 
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DETAILED DESCRIPTION 

[0014] Before any embodiments of the invention are explained in detail, it is to be 
understood that the invention is not limited in its application to the details of construction and 
the arrangement of components set forth in the following description or illustrated in the 
following drawings. The invention is capable of other embodiments and of being practiced 
or of being carried out in various ways. Also, it is to be understood that the phraseology and 
terminology used herein is for the purpose of description and should not be regarded as 
limited. The use of "including," "comprising" or "having" and variations thereof herein is 
meant to encompass the items listed thereafter and equivalents thereof as well as additional 
items. The terms "mounted," "connected" and "coupled" are used broadly and encompass 
both direct and indirect mounting, connecting and coupling. Further, "connected" and 
"coupled" are not restricted to physical or mechanical connections or couplings, and can 
include electrical connections or couplings, whether direct or indirect. 

[0015] In addition, it should be understood that embodiments of the invention include 
both hardware and electronic components or modules that, for purposes of discussion, may be 
illustrated and described as if the majority of the components were implemented solely in 
hardware. However, one of ordinary skill in the art, and based on a reading of this detailed 
description, would recognize that, in at least one embodiment, the electronic based aspects of 
the invention may be implemented in software. As such, it should be noted that a plurality of 
hardware and software based devices, as well as a plurality of different structural components 
may be utilized to implement the invention. Furthermore, and as described in subsequent 
paragraphs, the specific mechanical configurations illustrated in the drawings are intended to 
exemplify embodiments of the invention and that other alternative mechanical configurations 
are possible. 

[0016] FIG. 1 illustrates a patient monitoring system 10 according to one embodiment of 
the invention. The patient monitoring system 10 can acquire and process ECG data and can 
display alternans data generated from the ECG data. Hereinafter, the term "alternans data" 
shall be broadly defined as including T-wave alternans data or any other type of alternans 
data that is capable of being displayed. The monitoring system 10 can be coupled to the 
patient 14 by one or more sensors or transducers which can include, for example, electrodes 
18 mounted on the patient's chest for obtaining an ECG signal and a heart rate. The terms 
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"sensor" and "transducer" as used herein refer to any device capable of generating an 
electrical output signal from a mechanical, chemical, or electrical input. 

[0017] The ECG signals acquired with the electrodes 18 can be converted from analog 
form to digital form by an analog to digital converter 54 and can then be provided to a 
processor 58 that can generate alternans data from the ECG data. The alternans data can be 
displayed on a monitor 62. The monitor 62 can be a conventional computer-style display 
monitor having a cathode ray tube ("CRT"). The CRT can include a plurality of pixels. As is 
known in the art, each pixel can be energized electronically so that the pixel emits light 
visible to a user of the monitoring system 10. In one embodiment, the monitor 62 can include 
a black and white display capable of showing black, white and a plurality of gray shades 
(e.g., 64 gray shades or more) between black and white. In another embodiment, the monitor 
62 can include a color display (e.g., a red-blue-green color display) capable of displaying a 
plurality of colors (e.g., 256 colors or more). The term "color" as used herein and in the 
appended claims refers to either true colors or shades of gray in combination with white and 
black, unless the context indicates otherwise. In other embodiments, the data can be 
displayed on other types of displays including liquid-crystal displays, plasma screens, 
holographic displays, and the like (each of which may be capable of displaying hundreds or 
thousands of colors). 

[0018] Although any alternans data of an ECG signal can be displayed using the 
invention, the embodiments of the invention discussed below are in the context of displaying 
TWA data of an ECG signal. In some embodiments, the TWA data can be obtained using the 
systems and methods as described in United States Patent No. 6,169,919 entitled "System and 
Method for Quantifying Alternation in an Electrocardiogram Signal." However, ECG data 
representing a digitized ECG signal and the corresponding TWA data can be obtained in any 
suitable manner. In some embodiments, the ECG data can be used to continuously calculate 
odd and even median beat complexes. A median complex can be an incremental time- 
average representation of a series of beats. With each new odd beat, an odd median complex 
for the odd beats in the ECG data can be updated. Similarly, with each new even beat, an 
even median complex for the even beats in the ECG data can be updated. Values of the 
current odd and even median complexes can be stored cyclically (e.g., every fifteen seconds) 
as an odd and even median complex pair. The odd and even median complex pairs can be 
compared to obtain an estimate of the amplitude of beat-to-beat alternation in the ECG signal. 
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The ECG data can be filtered prior to calculation of the even and odd median complexes. In 
one embodiment, filtering of the ECG data can involve low-pass filtering the ECG data to 
remove high frequency noise, applying a baseline wander removal filter to the ECG data to 
remove low frequency artifacts, removing arrhythmic beats from the ECG data, and 
eliminating noisy beats from the ECG data. The filtered data is generally more suitable for 
calculation of an accurate estimate of alternation. 

[0019] Although the filtering produces fairly high quality alternans data, elimination of 
all artifact has not been realized by conventional systems. As a result, it is difficult for a 
clinician to assess whether the variability in the alternans data is due to alternation of the 
ECG signal, noise in the ECG signal, or a combination thereof. Accordingly, in some 
embodiments of the invention, the display of alternans data in a temporal alignment allows 
for the assessment of trends in the alternans data. The assessment of trends of alternans data 
according to some embodiments of the invention can include distinguishing between 
alternans distribution and artifact distribution. As discussed further below, the alternans 
distribution can be displayed in a smooth and clear fashion while the artifact distribution can 
be displayed in a fuzzy fashion. If the assessment determines that artifacts are present in the 
alternans data, in some embodiments, the algorithm utilized to generate the alternans data can 
be manually corrected to filter out at least some of the artifact. In other embodiments, values 
generated using the algorithm can be manually overwritten using a text editor. 

[0020] The processor 58 can calculate a difference curve for each stored odd and even 
median complex by sampling a number of corresponding data points of each median complex 
and determining the difference. In the embodiments illustrated in FIGS. 2-7, the difference 
curve is an absolute difference curve. Every data point of the absolute difference curve can 
represent an amplitude value. The amplitude value can be calculated as an absolute value of 
the difference between the corresponding data points of the odd and even median complexes 
of an odd and even median complex pair. Utilization of an absolute difference can provide 
similar results regardless if the first beat is taken as an odd beat or as an even beat. 

[0021] The data points representing the absolute difference curves can be stored in a 
memory array (e.g., a waveform array). In one embodiment, consecutive absolute difference 
curves can be displayed in a temporal alignment as a three-dimensional representation. In 
another embodiment, consecutive absolute difference curves can be displayed in a temporal 
alignment as a two-dimensional representation. For example, a first set of alternans data is 
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shown displayed in FIG. 2 as a three-dimensional representation and in FIG. 3 as a two- 
dimensional representation. Similarly, a second set of alternans data is shown displayed in 
FIG. 4 as a three-dimensional representation and in FIG. 5 as a two-dimensional 
representation. In addition, a third set of alternans data is shown displayed in FIG. 6 as a 
three-dimensional representation and in FIG. 7 as a two-dimensional representation. Each set 
of alternans data can include a plurality of absolute difference curves displayed in a 
chronological order. With reference to FIGS. 2-7, an indicator positioned at approximately 
sample number 250 can represent the QRS-end of each beat of the ECG signal, and an 
indicator positioned at approximately sample number 320 can represent the T-end of each 
beat of the ECG signal. Such indicators can provide a reference for determining the ST- 
segment and the T-wave portion of the ECG signal. In other embodiments, alternative 
indicators can be utilized in the representations of the alternans data. 

[0022] As shown in FIGS. 2 and 3, the first set of data can include an alternans 
distribution at approximately 500 seconds and an artifact distribution at approximately 700 
seconds. The alternans distribution can be positioned between the QRS-end and T-end 
indicators and can include a smooth and clear appearance. The artifact distribution can 
extend outside the T-wave portion and can include a fuzzy or cliff-like type appearance. 

[0023] As shown in FIGS. 4 and 5, the second set of data can include a first alternans 
distribution at approximately 450 seconds and a second alternans distribution at 
approximately 800 seconds. Each alternans distribution can be positioned between the QRS- 
end and T-end indicators and can include a smooth and clear appearance. 

[0024] As shown in FIGS. 6 and 7, the third set of data can include a false-positive 
alternans distribution (i.e., an artifact distribution). According to one embodiment of the 
invention, the false-positive alternans distribution can have a maximum amplitude of 
approximately 50 microvolts, can extend outside the T-wave portion, and can include a fuzzy 
or cliff-like type appearance. 

[0025] In one embodiment, a catalog of representative displays of alternans data 
including alternans distributions and/or artifact distributions can be provided with the patient 
monitoring system 10. The catalog can be used to train clinicians to assess the quality of the 
alternans data displayed and further to determine when correction of the alternans 
quantification algorithm is required. 
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[0026] In some embodiments, for the display of alternans data as a three-dimensional 
representation, the absolute difference curves stored in the waveform array can be processed 
by a software routine stored in the processor 58 and can be displayed on the display monitor 
62 in a quasi-three-dimensional color display. The display can include X, Y, and Z axes 
where the X-axis coordinate can represent the sample number of a given absolute difference 
curve, the Y-axis coordinate can represent the time or the chronology of the absolute 
difference curves (i.e., when the respective odd and even median complex pair used to 
determine the absolute difference curve was obtained relative to the starting point), and the Z- 
axis coordinate can represent the amplitude of the data points of the absolute difference 
curves. However, any one of the X, Y, and Z axes can represent any one of the sample 
number, the time, and the amplitude of the data points. A change in the axes representation 
merely alters the orientation of the display. 

[0027] In one embodiment for a three-dimensional representation, the processor 58 can 
set the current waveform count to the first waveform in the waveform array that is to be 
displayed. The processor 58 can initialize a Y-coordinate value to Y=0 on the display, can 
set a sample pointer to the first data sample in the current absolute difference curve, and can 
initialize an X-coordinate value to X=0 on the display. The processor 58 can retrieve the 
current data point from the current absolute difference curve and can read the amplitude of 
the data point. The processor 58 can generate a first variable corresponding to the current 
data point (e.g., X = 0, Y = 0, and Z = amplitude value of first data point), can increment the 
X-coordinate value to read the next data point, can read the amplitude of that next data point, 
and can generate a second variable corresponding to the incremented data point (e.g., X = 1, 
Y = 0, and Z = amplitude value of incremented data point). This process can continue until 
each data point has been analyzed. 

[0028] The processor 58 can increment the current waveform count to the second 
waveform in the waveform array. The data points of the incremented waveform can be 
similarly analyzed. In some embodiments, the processor 58 can draw a quadrilateral around 
the corresponding first and second variables of the first and second waveforms. The 
quadrilateral can be dissected by establishing a line between the first variable of the current 
waveform and the corresponding second variable of the previous waveform, resulting in two 
triangles. The processor 58 can determine a color for each triangle and the triangles can be 
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colored based on the amplitude value of a respective point of the triangle. This process can 
continue until each waveform has been displayed. 

[0029] As shown in FIGS. 2, 4, and 6, successive absolute difference curves can be 
plotted in a stacked colorized representation (whether in true colors or in shades of gray as 
shown in FIGS. 2, 4, and 6) to provide a perspective or representative three-dimensional view 
of the alternans data over an extended period of time. This presentation can highlight trends 
that may exist in the alternans data. In some embodiments, the representative three- 
dimensional view of the alternans data can be rotated by the processor 58 so that it can be 
viewed by a clinician from different perspectives. The processor 58 can rotate the 
representative three-dimensional image by rotating the X, Y, and Z axes. As the image 
rotates, the clinician can more easily characterize different segments of the alternans data. In 
one embodiment, the clinician can rotate the image 360 degrees in order to view each side of 
the image. The use of color to enhance this display can allow easier detection by the clinician 
of significant aspects of the data. 

[0030] For the display of alternans data as a two-dimensional representation, the absolute 
difference curves stored in the waveform array can be processed by a software routine stored 
in the processor 58 and can be displayed on the monitor 62 in a two-dimensional color 
display. The display can include X and Y axes, where the X-axis coordinate represents the 
sample number of a given absolute difference curve, and the Y-axis coordinate represents the 
time or the chronology. The amplitude of the data point can be represented by the color of 
the pixel representing each data point. Accordingly, the alternans data can be displayed as a 
type of color density diagram. 

[0031] In one embodiment for a two-dimensional representation, the software program 
can scale the Z-coordinate values of the three-dimensional representation to zero to obtain a 
two-dimensional representation. In another embodiment for a two-dimensional 
representation, the software program can generate only X and Y coordinate values. For such 
an embodiment, the processor 58 can set the current waveform count to the first waveform in 
the waveform array that is to be displayed. The processor 58 can initialize a Y-coordinate 
value to Y=0 on the display, can set a sample pointer to the first data sample in the current 
waveform, and can initialize an X-coordinate value to X=0 on the display. The processor 58 
can retrieve the current data point from the current absolute difference curve, can determine a 
pixel color for the data point based on the amplitude of the waveform data point, and can plot 
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that data point at the respective X and Y coordinate using the selected color. The processor 
58 can increment the X-coordinate value and can repeat the process for each data point in the 
current waveform until all data points in that waveform have been plotted. Once all data 
points in that waveform are plotted, the processor 58 can increment the Y-coordinate in order 
to retrieve the next waveform in the waveform array. This process can be repeated until all of 
the waveforms in the waveform array are plotted. The results can be displayed as shown in 
FIGS. 3, 5, and 7. This presentation can also highlight trends that may exist in the alternans 
data. 

[0032] In some embodiments, the color scheme of the monitoring system 10 can be at 
least partially configurable. That is, the clinician can select a color to represent a given 
amplitude. Alternatively, the monitoring system 10 can be programmed to provide the 
clinician with a set of manufacturer-defined color schemes. The display can include 
graphical and/or numerical information to indicate the corresponding value for each color 
used. Alternatively, the absolute difference curves can be displayed in other embodiments of 
the invention. 

[0033] Various features and advantages of the invention are set forth in the following 
claims. 
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